Abstract-The Glider Operations Center (GOC) at the Naval Oceanographic Office (NAVOCEANO) is responsible for operating a fleet of autonomous unmanned systems, including ocean gliders, in the collection of physical oceanography data. The data collected include ocean temperature, salinity, and optical properties, which are profiled at depth and used by ocean modelers to forecast future environmental ocean conditions. NAVOCEANO then provides these forecasts in near-real time to support strategic, operational, and tactical Navy fleet requirements and activities.
I. INTRODUCTION
The Glider Operations Center (GOC) at the Naval Oceanographic Office (NAVOCEANO) began as a small group of scientists utilizing three types of ocean glider systems to collect physical oceanographic data. The three systems initially employed were the Seaglider developed by the University of Washington, the Slocum glider developed by Teledyne Webb Research, and the Spray glider developed by Scripps Institution of Oceanography. A later addition to this list-and the only surface system used by the GOC-was the Wave glider developed by Liquid Robotics, and the APEX profiling float developed by Teledyne Webb Research. The Glider Monitoring, Piloting, and Communications (GLMPC) system was developed by the Applied Physics Laboratory, University of Washington (APL-UW) for the U.S. Navy as a common means of interfacing with the different systems while maintaining the proprietary communications specific to each [1] .
II. NAVY GLIDERS

A. Background
Knowledge of the environment in which the U.S. Navy operates is important for maintaining strategic and tactical advantages.
NAVOCEANO collects relevant physical oceanographic data and uses these data to provide forecasts to the warfighter. Profiles of ocean temperature and salinity are used to characterize the acoustic environment, and profiles of optical properties such as beam attenuation are used to characterize the optical environment. Traditionally these profiles have been collected by vessel-mounted systems that require the vessel to hold station while a profiler is slowly lowered to the ocean floor and retrieved. This process is very time consuming and expensive, and the necessary temporal and spatial sampling density is less than optimal. Ocean gliders are capable of sampling greater areas at higher temporal and spatial resolution at a lower cost and are operated independent of the deployment platform. The profile data collected autonomously by ocean gliders are also made available for assimilation into ocean models near-real time [2] .
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The Littoral Battlespace Sensing-Unmanned Undersea Vehicle (LBS UUV) program of record will deliver a variant of the Teledyne Webb Research Slocum gliders to NAVOCEANO (Fig. 1 ). These LBS Gliders (LBS-G) will be launched and recovered from NAVOCEANO survey vessels and vessels of opportunity. LBS-G will expand the survey capability of NAVOCEANO while increasing the spatial and temporal fidelity of the data collected to meet fleet requirements. A total of 150 LBS gliders are scheduled to be delivered to NAVOCEANO by FY 2015 [3].
B. Command and Control of Navy Gliders
The communication system utilized by U.S. Navy gliders is the Iridium global satellite phone system, which transmits at a frequency of ~1600 MHz and power of ~1.1 Watts [4] . All U.S. Navy glider communications as well as all sensitive data stored in nonvolatile memory within the glider are encrypted using the Advanced Encryption Standard algorithm to Federal Information Processing Standard Publication 140-2. Each of the systems of gliders employed by the GOC at NAVOCEANO has its own native command and control commands and protocols, which become confusing for a common user. The GLMPC system was developed by the APL-UW as a tool for glider pilots to interface with the multiple systems. GLMPC is used to guide, direct, and control U.S. Navy glider systems through a distributed, server-based web application that uses existing web browsers in the GOC to enable piloting of Navy glider systems.
III. GLMPC
GLMPC was designed to control multiple gliders of different manufacturers via a common user interface through map and data visualizations. The targeted user for GLMPC is a well-trained technician with experience piloting various types of gliders.
A. Tasking
Managing a fleet of gliders via GLMPC consists of two basics tasks: monitoring and commanding. GLMPC provides the user the ability to monitor gliders by presenting glider position, historical track, sensor data, and engineering data. This information is used by the pilot to determine the health of the glider and the quality of the data collected. The commanding task is available in GLMPC via setting waypoints on a map as well as sending instructions for sensor use, data sampling frequency, and dive parameters [5] . Useful during monitoring and commanding, GLMPC has the ability to ingest and display NAVOCEANO ocean model data. The model output is displayed as an overlay, which helps pilots analyze glider responses to the environment and aids in predicting future responses.
B. Interface
The GLMPC Console contains six tabs across the top of the main screen, each of which corresponds to a different page: Tracks, Reports, Profiles, Diagnostics, Control, and Routes (Fig. 2) .
1) Tracks:
This page is presented in a map view and displays glider position, previous track, planned route, and depth-averaged currents.
2) Reports: This page is presented in a tabular format and includes information received during each surfacing of a glider. This information is different for each type of glider system but in general includes vehicle health information and sensor data.
3) Profiles: This page provides a method for viewing the science and engineering data graphically (Fig. 3a) .
4) Diagnostics:
This page presents glider graphically also, this time over the entire mission and as a function of time (Fig. 3b) .
5) Control:
This page is heavily dependent on the glider system due to the uniqueness of the control framework for each glider system. Each type of glider system will have a different control page that provides an interface to set parameters and control scripts for that particular system of gliders (Fig. 3c) . 
IV. FUTURE ENHANCEMENTS
GLMPC is currently highly dependent on the users, or glider pilots, and efforts are underway to mitigate some of interaction by employing automation algorithms. Developed by the Naval Research Laboratory, Glider Observation Strategies (GOST) is one such automated system that will provide waypoints such that observations made by gliders are optimized. Forecasts of the ocean currents and model uncertainty are used to develop cost functions. These cost functions are used to generate waypoints that form routes, along which gliders collect data [6] (Fig. 4) .
Other future enhancements include the ability to display quality-controlled sensor data and raw data simultaneously to make comparisons. At present, only the raw data are displayed.
The ability to display real-time overlays of weather data and forecasts is also being explored. 
